I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Dental trauma being the most demanding injuries in the early life of an individual requires both practical and conversant management by the dentist. Andreasen and Andreasen anticipated that the frequency of these traumas might ultimately outstrip the prevalence of dental caries.\[[@ref1]\]

Avulsion (exarticulation, total luxation) is one of the intricate forms characterized by the total displacement of the tooth out of alveolar socket. Effective management of an avulsed tooth by replantation relies on the deterrence of advanced root resorption by diminishing injury to the periodontal ligament (PDL) and judicious endodontic treatment.\[[@ref2]\]

Immediate replantation provides the highest success but may not always be feasible. PDL cell viability can be conserved by replantation of the tooth within 15--20 min subsequently or by submersing the tooth in an appropriate storage medium until replanted.\[[@ref1]\]

A range of storage media have been proposed till date. The ideal storage medium is still a controversy as research lacks sufficient evidence.

The present study is an attempt to access the viability of the PDL cells in three different storage mediums, namely, coconut water, milk, and saline.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Forty human premolar teeth were extracted atraumatically for this study. The extracted teeth were noncarious and periodontally sound extracted as a part of orthodontic therapy. Instantly, the extracted teeth were allowed to lie dry on sand/mud for 30 min to simulate a state of avulsion. Later, the teeth were randomly divided and stored in three different media (10 in each medium).

Group 1: Coconut waterGroup 2: MilkGroup 3: Saline.

The teeth were stored for 45 min in the respective media, which would simulate the time required to carry the tooth to the dentist followed by saline rinse. The root surface was then scraped with a scalpel except the coronal 2 mm where the cells might have been damaged during extraction.

The positive control teeth (five numbers) were neither dried nor stored in any solution, but instead immediately treated with collagenase. The negative control teeth (five numbers) were dried for 5 h with no follow-up, storage solution time, and then placed in collagenase.

The cells were then collected in test tubes containing collagenase in 2.5 ml of phosphate-buffered saline which was later incubated for 30 min and centrifuged for 4 min at 1000 rpm. The supernatant was discarded and the cells were collected with sterile micropipettes and stained with 0.4% Trypan blue stain. The cells were obtained and viewed under a light microscope with an hemocytometer at ×20 magnification.

The nonviable cells were stained blue while the viable cells did not take up the stain.

The viability percentage of the cell population of each sample was obtained while applying the following mathematical equation:

(UC/TC) ×100 = %

Where,

UC: Unstained cell count (viable cells)TC: Total cell count (stained + unstained cells).

Statistical analysis was done using the "ANOVA" and the "Newman--Keuls post hoc procedure."

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The random distribution of forty orthodontically extracted teeth was done within the three study groups and the positive and negative control groups. Results of this study showed that coconut water could maintain the viability of the PDL cells up to 82%, whereas milk and saline could maintain up to 59% and 15%, respectively \[[Table 1](#T1){ref-type="table"}\].

###### 

Mean value and standard deviation of viable periodontal ligament cell count in the study groups
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The ANOVA and Newman--Keuls *post hoc* procedure were used for statistical analysis of viable cell count under the light microscope using hemocytometer \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\].

###### 

Comparison of four groups by ANOVA

![](JPBS-9-107-g002)

###### 

Pair-wise comparison by Newman--Keuls *post hoc* test
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Avulsion is a traumatic injury described by the complete displacement of the tooth from its socket, with damage to the periodontium. Though the damage to the periodontium is inevitable, preserving the viability of the PDL cells is critical. The part of the PDL attached to the alveolar wall stays vital and does not require treatment, whereas the one attached to the tooth recounts to the repair after reimplantation.\[[@ref3]\]

The PDL vitality on the root surfaces urges the prospect of reinsertion of PDL fibers with the alveolar ones.\[[@ref4]\]

The prognosis of replantation rests on the presence of viable cells in the PDL and on the proliferation to the injured zones of the root. This can be accomplished by instant replantation or through the storage of the tooth in a suitable milieu for future replantation.

When immediate replantation is not feasible, the tooth should be preserved in a medium that maintains PDL cell viability until conclusive treatment can be consummated.\[[@ref5]\]

In 1994, the American Association of Endodontics guidelines for the Treatment of the Avulsed Permanent Tooth recommended Hank\'s Balanced Salt Solution (HBSS) as the appropriate transport medium for the avulsed tooth which could not be replanted instantly. In unavailability of HBSS, milk is the second best, trailed by saline, saliva (buccal vestibule), and water.\[[@ref6]\]

Ideal storage medium {#sec2-1}
--------------------

The perfect storage media should preserve cell vitality, adherence, and mitogenic and clonogenic abilities, and be readily available and accessible at the site of trauma.\[[@ref6][@ref7]\]

The container which transports an avulsed tooth must be strong and easy to handle, nontoxic, seepage proof, with soft internal surface, sterile, and must shield the tooth during transport, with easy path of removal without damage.\[[@ref3]\]

The ability of the media to conserve cell viability is higher when it is nearer to physiological conditions, i.e., osmolality of 300 mOsm/kg and pH 7.0.\[[@ref8]\]

Periodontal ligament {#sec2-2}
--------------------

Normal PDL cells bear osmolality of 320 mOsm/Kg and pH of 7.2.\[[@ref3]\]

The ideal growth of cells is observed amid pH 7.2--7.4, but higher survival rates are found between pH 6.6--7.8.\[[@ref9]\]

The study ensured the highest safety during transportation, for each time the root is touched, the cells of the PDL perish.\[[@ref3]\]

The survival theory of PDL cell contains deterrence of protein synthesis in the bacterial cell, promoting the action of fibroblasts and healing of connective tissue leading to early recovery.\[[@ref10]\]

To have an ideal physiological osmolality is a significant trait for a transport medium for maintaining PDL cell viability. Hypotonic solutions are known to cause irreversible cell membrane damage compared to hypertonic solutions.\[[@ref11]\]

Dry storage {#sec2-3}
-----------

Soder *et al*. proved that cells of PDL are sensitive to critical dry extra-alveolar period where severe cell damage occurs within 60 min. Subsequently, no viable cells could be reaped after 120 min from the root surface.\[[@ref12]\] It was established that there was no substantial variance in the number of viable PDL cells with 30 min and no dry time.

In the current study, a 30-min dry time was chosen, a critical time at which the maximum damage was inflicted to PDL cells.

Currently, the American Association of Endodontists' guidelines for treating avulsed teeth agree to the drop-off period being at 60 min of dry time. Instead of immediate replantation, the avulsed tooth is placed in fluoride after 60 min, due to the presumption that not enough viable PDL cells remain to heal the tooth.\[[@ref13]\]

Saline {#sec2-4}
------

Saline offers an osmolality of 280 mOsm/kg, and though compatible with PDL cells, it is deficient of essential nutrients such as magnesium, calcium, and glucose, required for normal metabolism of PDL,\[[@ref3]\] being the reason for low viable cell count after a 45-min storage time in the present study.

Tap water, saliva, and saline are not suggested for their hypotonic properties of high incidence of bacterial contamination leading to rapid cell death in PDL.\[[@ref14]\]

Milk {#sec2-5}
----

Milk is considered a better medium than saliva in respect to the number of viable cells, cell size, and ability to recover.\[[@ref15]\] Milk provides 3 h of vitality for PDL cells which is ample for the patient to reach the dental office for replantation.\[[@ref1][@ref16]\]

The presence of nutritional substances such as amino acids, carbohydrates, and vitamins makes milk more promising.\[[@ref3]\]

A 12-h storage in milk provided 50% viability to cells, accentuating the affirmative outcome of milk on human PDL.\[[@ref15]\] Milk, though better than water and saliva as a storage medium, does not reconstitute the lost cellular metabolites or maintain morphological integrity of the PDL cells.\[[@ref17]\] Milk does not restore the normal morphology nor does it differentiate and mitose, instead only averts cell death.\[[@ref18]\]

In this study, parallel to other studies, milk was found to be a suitable storage medium for a period of 1 hour.\[[@ref6][@ref18][@ref19]\] When compared to their storage for more than 6 hours.\[[@ref19]\]

Coconut water {#sec2-6}
-------------

The electrolyte composition of coconut water has a close Similarity to intracellular fluid than extracellular plasma. It is used as a blood plasma substitute as it is sterile, does not produce heat, does not destroy red blood cells, and is readily accepted by the body. The experimental teeth in this study were directly placed inside the coconut so that the organoleptic and nutritional substances are not lost from the coconut water.

Gopikrishna *et al*. demonstrated that coconut water was equivalent to HBSS in maintaining PDL cell viability at a storage time of 30--120 min.\[[@ref20]\]

Gopikrishna *et al*. associated the efficiency of coconut water with propolis, HBSS, and milk in maintaining the viability of PDL cells on replicated avulsed teeth using collagenase-dispase assay. They reported that coconut water has considerably more viable PDL cells when compared to propolis, HBSS, or milk.\[[@ref21]\]

Conservation of viability of cells may be due to the nutrients present in coconut water, such as proteins, amino acids, vitamins, and minerals, which nourish the cells and maintain viability.

Collagenase {#sec2-7}
-----------

Collagenase and dispase enzymes disrupt the extracellular matrix to release cells without extreme disruption and destruction of their own membrane.\[[@ref22]\]

In this current study, to minimize the exposure of cells to active trypsin and to preserve maximum cell viability, the root surface was treated with collagenase. This procedure permitted prompt cell retrieval and preserved extreme cellular integrity, as was validated by the positive control samples.\[[@ref10][@ref22]\] This technique is more descriptive of the definite clinical situation because cells are not exposed to lengthy handling times to govern their viability status.

Trypan blue {#sec2-8}
-----------

The Trypan Blue exclusion staining technique was quick which distinctively differentiated vital from nonvital cells. However, the health of the vital cells and proliferation cannot be evaluated from this technique.\[[@ref22][@ref23]\]

In principle, only the cells with a damaged membrane allow the Trypan blue dye to pass through the membrane into cytoplasm.\[[@ref24]\] This is based on the fact that negatively charged chromophore present on the cell membrane does not take up the stain unless the membrane is damaged. Hence, the cells which reject the dye are viable.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

It is fundamental to have a storage medium easily available, for more avulsed teeth could be reimplanted, with better prognosis. Along with maintaining the viability of the PDL cells, it should be readily available near the accident site.

Coconut water is easily available in most tropical countries. It also maintains the viability of cells for longer periods of times, as shown in various studies. Nontropical countries could use milk which is available worldwide and "known to be the Gold standard" as a storage medium. However, in case of unavailability of any media, saline could be used as it is better than carrying the avulsed tooth in dry conditions.
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